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(54) LOUDSPEAKER SYSTEM

(57)  Aloudspeaker system capable of simultaneous- point of the second R-channel loudspeaker (120) and its

ly providing listeners with a listening environment not giv-
ing them a feeling of strangeness. The loudspeaker sys-
tem (100) comprises drive motors (111 to 113, 121 to
123) for so driving at least first R-channel loudspeaker
(101) that the current first listening position is substan-
tially included in the perpendicularly bisecting plane of a
line joining the intersecting point of the first R-channel
speaker (101) and its directivity axis and the intersecting
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directivity axis and so driving at least fourth L-channel
loudspeaker (104) that the current second listening point
is substantially included in the perpendicularly bisecting
plane of the line joining the intersecting point of a third
L-channel loudspeaker (103) and its directivity axis and
the intersecting point of a fourth L-channel loudspeaker
(104) and its directivity axis. The loudspeaker system
(100) further comprises their motor driver section (130).
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Description
Technical Field

[0001] The present invention relates to a speaker system that includes a pair of speaker units each including at least
two speakers.

Background Art

[0002] A conventional speaker system includes, for example, an L channel speaker unit, an R channel speaker unit
and a center speaker unit (for example, see Patent Document 1). Each of the above three speaker units is arranged in
the center of positions ahead of the driver’s seat and passenger seat of a vehicle. The L channel speaker unit is directed
toward a direction in which the directivity axis of the L channel speaker unit is rotated counter clock wise in the horizontal
direction with respect to the traveling direction of the vehicle and in which the directivity axis is inclined at a predetermined
angle to the vertical direction with respect to the traveling direction of the vehicle. The R channel speaker unit is directed
toward a direction in which the directivity axis of the R channel speaker unit is rotated clockwise in the horizontal direction
with respect to the traveling direction of the vehicle and in which the directivity axis is inclined at a predetermined angle
in the vertical direction with respect to the traveling direction of the vehicle. The center speaker unit outputs an -L-R
signal obtained by adding an -L signal which is a reverse phase signal of an L channel signal and an -R signal which is
a reverse phase signal of the R channel signal.

Patent Document 1: Japanese Patent Application Laid-Open N0.2004-289341
Disclosure of Invention
Problems to be Solved by the Invention

[0003] With such a conventional speaker system mounted in a vehicle, given that a difference (path length difference)
is caused between the lengths of the paths for the L and R channel signals through which the Both signals reaches the
listener in the driver’ s seat, a phase difference and delay are caused between the both channel signals before they
reach the listener. The same applies to the listener in the front passenger seat. There is a problem that listeners feel a
sense of discomfort listening to audio due to the above phase difference and delay.

[0004] In view of the above, it is therefore an object of the present invention to provide a speaker system that makes
it possible to provide a listening environment which does not give a sense of discomfort to a plurality of listeners.

Means for Solving the Problem

[0005] In order to achieve the above object, the speaker system according to the present invention comprises: a first
speaker unit including a first speaker outputting a sound to be heard in a first listening position and a second speaker
outputting a sound to be heard in a second listening position; a second speaker unit including a third speaker outputting
a sound to be heard in the first listening position and a fourth speaker outputting a sound to be heard in the second
listening position; and a driving section configured to drive at least the first speaker such that the current first listening
position is substantially included in a vertical bisector plane of a line connecting an intersection of the first speaker and
a directivity axis of the first speaker and an intersection of the second speaker and a directivity axis of the second speaker,
and to drive at least the fourth speaker such that the current second listening position is substantially included in a
perpendicular bisector plane of a line connecting an intersection of the third speaker and a directivity axis of the third
speaker and an intersection of the fourth speaker and a directivity axis of the fourth speaker.

Advantageous Effect of the Invention

[0006] In the above speaker system, at least the first speaker and the fourth speaker are driven as described above.
Consequently, sounds without a phase difference and delay are more easily provided to the listeners at the first listening
position and the second listening position. In this way, according to the present invention, it is possible to provide a
speaker system that is able to provide to a plurality of listeners at the same time a listening environment which does not
give a sense of discomfort.
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Brief Description of Drawings
[0007]

FIG.1 is a diagram illustrating from above the interior of a vehicle mounting a speaker system according to Embod-
iment 1 of the present invention;

FIG.2 is a diagram illustrating the overall configuration of the speaker system according to above Embodiment 1;
FIG.3 is a plan view illustrating positions of the listener and the speaker unit of the speaker system according to
above Embodiment 1;

FIG.4 is a schematic view illustrating the relationship between the position of the listener and the direction of the
speaker unit of the speaker system according to above Embodiment 1;

FIG.5 is a schematic view illustrating the relationship between the positions of the speaker unit and the listener in
case that the position of the listener of the speaker system according to above Embodiment 1 changes back and forth;
FIG.6 is a schematic view illustrating the relationship between the positions of the speaker unit and the listener in
case that the position of the listener of the speaker system according to above Embodiment 1 changes right and left;
FIG.7 illustrates the directivity axis of the speaker in case that the position of the listener of the speaker system
according to above Embodiment 1 changes up and down;

FIG.8 is a perspective view of the relationship between the positions of the speaker unit and the listener in case
that the position of the listener of the speaker system according to above Embodiment 1 changes right and left;
FIG.9 is a schematic view illustrating operations of speakers and speaker units of the speaker system according to
above Embodiment 1;

FIG.10 is a diagram illustrating a table of control content of "rotation," "opening angle" and "angle of elevation
corresponding to a change in the position of the listener of the speaker system according to above Embodiment 1;
FIG.11 is a diagram illustrating a null plane formed on a plane at equal distances from two sound sources of the
speaker system according to above Embodiment 1;

FIG.12 is a diagram illustrating a null plane formed on a plane at equal distances from two sound sources of the
speaker system according to above Embodiment 1;

FIG.13 is a diagram illustrating a null plane of speakers in a state where there is no difference as to angle of elevation
in the speaker system according to above Embodiment 1;

FIG.14 is a diagram illustrating a null plane of speakers in a state where there is a difference of angle of elevation
in the speaker system according to above Embodiment 1;

FIG.15 is a diagram illustrating correction of the path length due to the phase difference in the speaker system
according to above Embodiment 1;

FIG. 16 is a schematic view illustrating an adjusting method of applying the speaker system according to above
Embodiment 1;

FIG.17 is a diagram illustrating a table of control content of the differences between angles of elevations in the
position of the listener (the position of the head) of the speaker system according to above Embodiment 1;

FIG.18 is a flowchart illustrating automatic adjustment processing of the speaker system according to above Em-
bodiment 1;

FIG.19 is a diagram illustrating from above the interior of a vehicle mounting the speaker system according to
Embodiment 2 of the present invention;

FIG.20is adiagram illustrating the overall configuration of the speaker system according to above Embodiment2; and
FIG.21 is a flowchart illustrating automatic adjustment processing of the speaker system according to above Em-
bodiment 2.

Best Mode for Carrying Out the Invention
[0008] Embodiments of the present invention will be described in detail below with reference to the drawings.
(Embodiment 1)

[0009] FIG.1isaschematic view illustrating a speaker system 100 according to Embodiment 1 of the present invention
and the interior of a vehicle mounting the speaker system 100 from above. FIG.2 is a block diagram illustrating the
speaker system 100 shown in FIG.1 and peripheral components of the speaker system 100.

[0010] In FIG.1 and FIG.2, the speaker system 100 comprises a first R channel speaker 101, a second R channel
speaker 102, a third L channel speaker 103 and a fourth L channel speaker 104, each of the speakers 101 to 104
outputting sound of the middle and high frequency range (about 200 Hz to 20 kHz).

[0011] The first R channel speaker 101 is arranged virtually in front of the driver’'s seat of the vehicle (for example,
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in/on a dashboard 200) in an initial state and outputs sound based on the in-phase signal of the R channel signal
(hereinafter referred to as "in-phase signal (R)") from the sound source.

[0012] Further, the second R channel speaker 102 is arranged in an initial state in a position in plane symmetry with
the first R channel speaker 101 with respect to the first virtual plane and is arranged virtually in front of the driver’s seat,
and outputs sound based on the reverse phase signal (hereinafter "reverse phase signal (R)") having a reverse phase
with respect to the above in-phase signal (R).

[0013] Furthermore, the above first virtual plane will be referred to as the "first reference plane ¢" in the following
description. With the present embodiment, this first reference plane c is parallel or virtually parallel to the longitudinal
intermedian plane e of the vehicle, includes the listening position (hereinafter reffered to as "the first listening position™)
for the listener sitting in the driver’ s seat and passes the middle point of the first and second R channel speakers 101
and 102. Further, as illustrated with the present embodiment, the first listening position is determined in advance around
the head of the listener sitting in the driver’s seat.

[0014] Furthermore, the third L channel speaker 103 is arranged virtually in front of the front passenger seat next to
the driver’s seat (for example, in/on the dashboard 200) in an initial state, and outputs sound based on the in-phase
signal of the L channel signal (hereinafter reffered to as "in-phase signal (L)") from the same sound source as above.
[0015] The fourth L channel speaker 104 is arranged in an initial state in a position in plane symmetry with the third
L channel speaker 103 with respect to the second virtual plane and is arranged virtually in front of the front passenger
seat, and outputs sound based on the reverse phase signal (hereinafter reffered to as "reverse phase signal (L)") having
a reverse phase with respect to the above in-phase signal (L).

[0016] The above second virtual plane will be referred to as "second reference plane d" in the following description.
With the present embodiment, this second reference plane d is parallel or virtually parallel to the longitudinal intermedian
plane e of the vehicle, includes the listening position for the listener sitting in the front passenger seat (hereinafter reffered
to as "the second listening position") and passes the middle point of the third and fourth L channel speakers 103 and
104. Further, as illustrated with the present embodiment, the second listening position is determined in advance around
the head of the listener sitting in the front passenger seat.

[0017] As described above, the first R channel speaker 101 outputs sound based on the in-phase signal (R) and the
second R channel speaker 102 outputs sound based on the reverse phase signal (R). Consequently, on and near the
first reference plane ¢, sound based on the in-phase signal (R) and sound based on the reverse signal (R) cancel each
other and the listener sitting in the driver’'s seat feels like sound does not come from the front. A plane in which sound
based on the in-phase signal and sound based on the reverse phase signal of the in-phase signal cancel each other,
will be referred to as a "null plane.” This null plane will be described later referring to FIG. 11 to FIG.14. In FIG.1, the
first reference plane c is a null plane in which sound based on the in-phase signal (R) and sound based on the reverse
phase signal (R) cancel each other. In the null plane, the listener feels like speakers installed virtually in front of the
listener do not exist in hearing and the sound comes from the right and left speakers (one is a virtual image). Given that
the same phenomenon occurs in the third L channel speaker 103 and fourth L channel speaker 104, the listener sitting
in the front passenger seat feels like sound does not come from the front of the listener. In FIG.1, the second reference
plane d is a null plane in which sound based on the in-phase signal (L) and sound based on the reverse phase signal
(L) cancel each other.

[0018] A pair of the first R channel speaker 101 and the second R channel speaker 102 composes a speaker unit
SP1 of the driver’ s seat side, and a pair of the third L channel speaker 103 and the fourth L channel speaker 104
composes a speaker unit SP2 of the front passenger seat side. In this way, the speaker units SP1 and SP2 are arranged
in the driver's seat side and in the front passenger seat side of the dashboard 200, respectively. Further, the first R
channel speaker 101 and the third L channel speaker 103 compose speakers for the listener (driver) in the driver’s seat,
and the second R channel speaker 102 and the fourth L channel speaker 104 compose speakers for the listener in the
front passenger seat.

[0019] Further, in the first R channel speaker 101, a driving motor 111 for changing the angle (hereinafter referred to
as the "opening angle") with respect to the first reference plane ¢ and a driving motor 112 for changing at least the
difference of the angle (hereinafter referred to as the "difference of angle of elevation") of the directivity axis of the first
R channel speaker 101 in the perpendicular direction with respect to the directivity axis of the second R channel speaker
102, are installed. In the speaker unit SP1, a driving motor 113 that, while maintaining the defference of angle of elevation
between the directivity axis of the first R channel speaker 101 and the directivity axis of the second R channel speaker
102, changes both the direction of the directivity axis of the first R channel speaker 101 and the direction of the directivity
axis of the second R channel speaker 102 with respect to the plane where the speaker unit SP1 is installed. In this way,
in the speaker unit SP1, the driving motor 111 for changing the opening angle and the driving motor 112 for changing
the above difference of angle of elevation are installed only in the first R channel speaker 101, and, in the second R
channel speaker 102, driving motors for changing these opening angle and difference of angle of elevation are not
installed. Further, the angle of elevation of the overall speaker unit SP1 can be changed by the driving motor 113.
[0020] Similarly, in the fourth L channel speaker 104, a driving motor 121 for changing the angle (i.e. opening angle)
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with respect to the second reference plane d and a driving motor 122 for changing at least the difference of the angle
(i.e. difference of angle of elevation) of the directivity axis of the fourth L channel speaker 104 in the perpendicular
direction with respect to the directivity axis of the third L channel speaker 103, are installed. In the speaker unit SP2, a
driving motor 123 is installed in order to changes, while maintaining the difference of angle of elevation between the
directivity axis of the fourth L channel speaker 104 and the directivity axis of the third L channel speaker 103, the directions
of the directivity axis of the fourth L channel speaker 104 and the directivity axis of the third L channel speaker 103 with
respect to the plane where the speaker unit SP2 is arraged. In this way, in the speaker unit SP2, the driving motor 121
for changing the opening angle and the driving motor 122 for changing the difference of angle of elevation are installed
only in the fourth L channel speaker 104, and, in the third L channel speaker 103, driving motors for changing these
opening angle and difference of angle of elevation are not installed. Further, the angle of elevation of the overall speaker
unit SP2 can be changed by the driving motor 123. The above driving motors 111 to 113 and 121 to 123 are composed
of, for example, stepping motors and enable precise control.

[0021] The opening angle, the difference of angle of elevation and the angle of elevation as mentioned above will be
described later referring to FIG.9 to FIG.14 and FIG.16.

[0022] Further, in FIG.1 and FIG.2, the speaker system 100 comprises a motor driver section 130 that drives the
driving motors 111 and 121 for changing the opening angles, the drivingmotors 112 and 122 for changing the differences
of angles of eleavations and the driving motors 113 and 123 for changing the angles of elevations of speaker units SP1
and SP2; and a sound processing section 141 that carries out signal processing of a 2-channel (i.e. L channel and R
channel) signal from a sound input section 140, to which the sound source composed of the 2-channel signal is inputted,
and generates the in-phase signal (R), the reverse phase signal (R), the in-phase signal (L) and the reverse phase signal
(L) as mentioned above.

[0023] The in-phase signal (R), the reverse phase signal (R), the in-phase signal (L) and the reverse phase signal (L)
that are generated by sound processing section 141, are outputted to the first R channel speaker 101, the second R
channel speaker 102, the third L channel speaker 103 and the fourth L channel speaker 104, respectively.

[0024] The sound input section 140 is an input terminal that receives as input a sound source from audio devices such
as CD players, DVD players, MD players, cassette decks, radios, television receivers and semiconductor memory audio
devices or speech input apparatuses such as microphones. Further, the sound input section 140 may be an audio device
or speech input apparatus itself.

[0025] Further, a sound processing section 141 includes delay units (not shown) and can produce phase differences
(i.e. delay) between the outputs of the first R channel speaker 101 and the second R channel speaker 102 or between
the outputs of the third L channel speaker 103 and the fourth L channel speaker 104 by the delay units. It is possible to
adjust a shift in sounds due to the difference between the right and left paths by adjusting the phase difference (i.e. delay).
[0026] In FIG.2, in the speaker system 100 in the vehicle, a controlling section 150 that controls, for example, the
opening angle depending on the listening positions of a plurality of listeners and a position detecting section 160 that
receives signals from contact switches 161 and 162 which detect the front-back position of a seat and the reclining angle
of the seat and detects the location of the head of the seated listener.

[0027] The controlling section 150 includes a microprocessor, acquires head position information of the listener from
the position detecting section 160 by executing a control program to be described later referring to FIG.18, refers to
various setting information and a table stored in a storing medium (for example, semiconductor memory) (not shown),
outputs to the motor driving section 130 the control commands for adjusting the opening angles of the speakers 101 to
104, the differences of angles of elevations between the speakers 101 to 104 and the angles of elevations of the speaker
units SP1 and SP2 and outputs to the sound processing section 141 the control signal for adjusting sound volumes from
the speakers 101 to 104 and the phases of output sounds from the speakers 101 to 104, depending on the current
listening position. The motor driver section 130 precisely controls the drive amount of the corresponding driving motor
according to the above control commands and changes the opening angles of the speakers 101 to 104, the differences
of angles of elevations between the speakers 101 to 104 and the angles of elevations of the speaker units SP1 and SP2
totargetvalues. Further, the sound processing section 141 changes the sound volumes to be outputted from the speakers
101 to 104 and the phases of sounds to be outputted from these speakers 101 to 104, according to the control signals
from the controlling section 150. Further, the sound volume and the phase are controlled by the sound processing section
141, in this case, to adjust the sound pressure level and a shift in phases caused by adjustment of the above opening
angle, the differences of angles of elevations and the angles of elevations.

[0028] Further, the controlling section 150 is a controlling apparatus that controls the speaker system 100 and may
be installed outside the speaker system 100 or may be incorporated inside. Further, the controlling section 150 may be
incorporated in an audio device such as a car audio device. In this case, the controlling section of the audio device such
as the car audio device executes a control program to be described later in FIG.18.

[0029] Further, with the present embodiment, the position detecting section 160 detects the current listening position
(for example, the position of the head of the listener) based on detected signals from the contact switches 161 and 162
installed in the seat. The method of detecting the position of the head of the listener from the seat position provides an
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effect of realizing the present invention at a lower cost and at more ease. Further, although only the contact switches
161 and 162 in one seat are shown in FIG.2, in practice, a set of contact switches 161 and 162 are installed in the
driver’'s seat and in the front passenger seat. That is, the current first listening position is detected based on detected
signals outputted from the contact switches 161 and 162 of the driver’ s seat side and the current second listening
position is detected based on detected signals from a set of contact switches of the front passenger seat side.

[0030] Further, a configuration may be possible where, for example, a camera that takes an image of the vicinity of
the listener's head and an image processing section that recognizes an image of positions of the head and ears from
this image are installed instead of the position detecting section 160 to directly detect the positions of the head and ears
of the listener.

[Basic installment of speakers and speaker units]

[0031] The first R channel speaker 101 and the second R channel speaker 102 are mounted in the dashboard 200
of the driver’s seat side such that the opening angle and the angle of elevation described below are formed. Similarly,
the third L channel speaker 103 and the fourth L channel speaker 104 are mounted in the dashboard 200 of the front
passenger seat side such that the opening angle and the angle of elevation described below are formed.

[0032] (1) The first speaker unit SP1 is arranged in a location where an extension line of a bisector 170 of the opening
angle, which is formed by the directivity axis of the first R channel speaker 101 and the directivity axis of the second R
channel speaker 102, is parallel or virtually parallel to the longitudinal intermedian plane e of the vehicle and passes the
first listening position. Further, the extension line of the bisector 170 is included in the first reference plane ¢ in which
the in-phase signal (R) and its reverse phase signal (R) cancel each other. Similarly, the second speaker unit SP2 is
arranged in a location where an extension line of a bisector 180 of the opening angle, which is formed by the directivity
axis of the third L channel speaker 103 and the directivity axis of the fourth L channel speaker 104, is parallel or virtually
parallel to the longitudinal intermedian plane e of the vehicle and passes the second listening position. The extension
line of the bisector 180 is included in the second reference plane d in which the in-phase signal (L) and its reverse phase
signal (L) cancel each other. By this means, the first R channel speaker 101 and the second R channel speaker 102
are arranged virtually in front of the driver, and the third L channel speaker 103 and the fourth L channel speaker 104
are arranged virtually in front of the listener in the front passenger seat. Consequently, as described above, each listener
sitting in the driver’'s seat and the front passenger seat feels like sound does not come from the front.

[0033] (2) The position of the first speaker unit SP1 is determined such that the distance of a path 171 through which
sound is reflected by a right side glass 210 and reaches from the first R channel speaker 101 the right ear of the driver
and the distance of a path 172 through which sound reaches from the third L channel speaker 103 directly the left ear
of the driver, are equal. Similarly, the position of the second speaker unit SP2 is determined such that the distance of a
path 173 through which sound reaches from the second R channel speaker 102 directly the right ear of the listener in
the front passenger seat and the distance of a path 174 through which sound is reflected by a left side glass 220 and
reaches from the fourth L channel speaker 104 the left ear of the driver, are equal.

[0034] (3) The first speaker unit SP1 and the second speaker unit SP2 are arranged in positions in plane symmetry
with each other with respect to the longitudinal intermedian plane e including the longitudinal intermedian line of the
vehicle.

[0035] Depending on the size of the vehicular interior, the position of the seat and the shape of the dashboard, there
are cases where all of the above arrangement conditions (1) to (3) are not necessarily satisfied. In these cases, the first
R channel speaker 101, the second R channel speaker 102, the third L channel speaker 103 and the fourth L channel
speaker 104 are mounted by adjusting the arrangement and directions such that the above arrangement conditions (1)
to (3) are satisfied as much as possible. What matters in hearing is the condition of above (2) that the distance of the
path through which sound is reflected by the side glasses 210 and 220 and reaches the listener and the distance of the
path through which sound reaches the listener directly, are equal. To prioritize this condition, a method of arranging the
first R channel speaker 101 and the second R channel speaker 102, and the third L channel speaker 103 and the fourth
L channel speaker 104 on the dashboard 200 by slightly shifting these speakers right and left or back and forth from the
front of the driver or the listener in the front passenger seat, may be adopted. In this case, the first R channel speaker
101, the second R channel speaker 102, the third L channel speaker 103 and the fourth L channel speaker 104 may
not be directed toward the listener in the driver’s seat (i.e. driver) and the listener in the front passenger seat.

[0036] If the first R channel speaker 101, the second R channel speaker 102, the third L channel speaker 103 and
the fourth L channel speaker 104 are suitably arranged on the dashboard 200 such that the above arrangement conditions
(1) and (2) are satisfied, the driver does not listen to sound from the first R channel speaker 101 directly but listens to
the sound reflected by the side glass 210. Consequently, the listener feels like sound based on the in-phase signal (R)
comes from a virtual image 105 of the first R channel speaker 101 in the front right outside the vehicle. The listener
sitting in the driver’s seat feels like the virtual image 105 of this first R channel speaker 101 is in a position in symmetry
with the third L channel speaker 103 with respect to the first reference plane c. By listening to sound from the virtual
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image 105 of this first R channel speaker 101 and sound from the third L channel speaker 103, the listener sitting in the
driver’s seat is able to listen to wide stereo sound in the narrow space in the vehicle in which installation of speakers is
significantly restricted.

[0037] The second speaker unit SP2 is arranged in a position in symmetry with the first speaker unit SP1 with respect
to the longitudinal intermedian plane e of the vehicle, the listener in the front passenger seat recognizes that there is a
virtual image 106 of the fourth L channel speaker 104 in the front left outside the vehicle. Consequently, the listener
sitting in the front passenger seat is able to listen to wide stereo sound, like the listener sitting in the driver’s seat.
[0038] In this way, the speaker system 100 comprises the speaker unit SP1 composed of the first R channel speaker
101 that radiates the in-phase R channel signal and the second R channel speaker 102 that radiates the reverse phase
R channel signal, and the speaker unit SP2 composed of the third L channel speaker 103 that radiates the in-phase L
channel signal and the fourth L channel speaker 104 that radiates the reverse phase L channel signal. In the speaker
unit SP1, the first R channel speaker 101 and the second R channel speaker 102 are in plane symmetry with respect
to the first reference plane c including the current first listening position for the driver, and are arranged such that sound
outputted from the first R channel speaker 101 is reflected by the side glass 210 and reaches the first listening position.
The speaker unit SP2 is arranged in a position in plane symmetry with the first speaker unit SP1 with respect to the
longitudinal intermedian plane e of the vehicle, the third L channel speaker 103 and the fourth L channel speaker 104
are in plane symmetry with respect to the second reference plane d including the current second listening position for
the listener in the front passenger seat and are arranged such that sound outputted from the fourth L channel speaker
104 is reflected by the side glass 220 and reaches the second listening position.

[0039] Further, the first R channel speaker 101 and the third L channel speaker 103 are arranged such that the distance
through which sound outputted from the first R channel speaker 101 is reflected by the side glass 210 and reaches the
first listening position and the distance through which sound outputted from the third L channel speaker 103 reaches
directly the first listening position, are equal. The second R channel speaker 102 and the fourth L channel speaker 104
are arranged according to the same relationship as between the positions of the first R channel speaker 101 and the
third L channel speaker 103.

[0040] By the above, itis possible to provide to the listeners, the sound of the R channel and the sound of the L channel
with practically no phase difference and no delay. The listeners do not feel a sense of discomfort listening to audio.
Further, the listener sitting in the front passenger seat is also able to listen to wide stereo sound like the listener sitting
in the driver’s seat.

[Detailed arrangement of speakers and speaker units]

[0041] FIG.3is a plan view illustrating the positions of the speaker unit and the listener, employing an example of the
relationship between the positions of the speaker unit SP1 of the driver’s seat side and the listener P1 in the driver’s
seat (i.e. driver).

[0042] As shown in FIG.3, the speaker unit SP1 and the listener P1 in the driver’ s seat virtually face each other.
Further, the reference symbol "a" is assigned to the directivity axis of the first R channel speaker 101 that radiates sound
based on the in-phase signal (R) and the reference symbol "b" is assigned to the directivity axis of the second R channel
speaker 102 that radiates sound based on the reverse phase signal (R). The reference symbol "c" is assigned to the
above-described first reference plane. The first reference plane ¢ is a null plane in which sound based on the in-phase
signal (R) and sound based on the reverse phase signal (R) cancel each other. Further, assuming that the angle formed
by the directivity axis a and the first reference plane ¢ is rv1 and the angle formed by the directivity axis b and the first
reference plane c is rv2, the condition of the following equation 1 for providing an effect of making the listener P1 sitting
in the driver’ s seat feel like sound does not come from the front, is established.

[0043]

rvl=rv2 . (Equation 1)

Further, if the above equation 1 is satisfied, the speaker unit SP1 and the listener P1 need not to face each other as
shown in, for example, FIG.3.

[0044] Although the positions of the speaker unit SP1 of the driver’'s seat side and the listener P1 in the driver’s seat
(i.e. driver) have been described above, the same applies to the listener in the front passenger seat and the speaker
unit SP2 of the front passenger seat side, that is, the in-phase signal (L) and the reverse phase signal (R).

[0045] FIG.4 is a schematic view illustrating the relationship between the direction of a speaker unit and the location
of the listener, employing an example of the relationship between the positions of the speaker unit SP1 of the driver’s
seat side, the listener P1 in the driver’s seat (i.e. driver) and the listener P2 in the front passenger seat.
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[0046] In FIG.4, the speaker unit SP1 of the driver's seat side is installed on the dashboard 200 shown in FIG.1.
Further, the reflecting plane A of FIG.4 is the side glass 210 of FIG.1. This space inside the vehicle is represented by
Xand Y. In the width X in the space in the vehicle, to the reference point of the reflecting plane A, there are the distance
x3 from the speaker unit SP1 of the driver’s seat side, the distance x1 from the listener P1 in the driver’s seat and the
distance x2 from the listener P2 in the front passenger seat. Further, in the depth Y in the space in the vehicle, there is
the distance y1 from the listener P1 in the driver’s seat to the reference point of the speaker unit SP1 and there is the
distance y2 from the listener P2 in the front passenger seat to the reference point of speaker unit SP1.

[0047] The reference symbol "o" (see the dotted line) is assigned to the path through which the sound outputted from
the first R channel speaker 101 composing the speaker unit SP1 (i.e. the in-phase signal (R)) is reflected by the reflecting
plane A and reaches the listener P1 in the driver’s seat, and the reference symbol "B" (see the dotted line) is assigned
to the path through which the sound outputted from the second R channel speaker 102 (i.e. the reverse phase signal
(R)) reaches directly the listener P2 in the front passenger seat. Further, in case of FIG.4, the speaker unit SP1 and the
listener P1 in the driver's seat virtually face each other as described in FIG.3, and, sounds radiated from the first R
channel speaker 101 and the second R channel speaker 102 cancel each other near the first reference plane ¢, and so
the listener P1 sitting in the driver’s seat feels like sound does not come from the front.

[0048] Now, in the space inside the vehicle X and Y, such a relationship that the distance y1 to the listener P1 in the
driver’s seat and the distance y2 to the listener P2 in the front passenger seat are equal and the distance of the path o
through which sound is reflected by the reflecting plane A and reaches the listener P1 in the driver’s seat from the first
R channel speaker 101 of the speaker unit SP1 and the distance of the path B through which sound reaches directly
the listener P2 in the front passenger seat from the second R channel speaker 102 are equal, can be represented as
follows.

[0049]

Condition 1:y1=y2 =y
Condition 2: path oo = path B

Path a= ((x1 + x3)? + (y1)%)°° .. (Equation 2)

Path B= ((x2 - x3)% + (y2)%)°° .. (Equation 3)

The following equation 4 can be derived from the condition 2 and the above equations 2 and 3. Equation 5 can be
obtained by applying the condition 1 to the equation 4 and figuring out x3.
[0050]

((x1+x3) 7%+ (y1)?) % °=((x2-x3)%+(y2)%)°°

(Equation 4)

x3 = 0.5 * (x2 - x1) .. (Equation 5)

According to the above equation 5, the speaker unit SP1 needs to be arranged in the location at the distance x3 which
is spaced apart from the reflecting plane A by a half of the distance between the two listeners P1 and P2.

[0051] Although the positions of the speaker unit SP1 of the driver’s seat side, the listener P1 in the driver s seat and
the listener P2 in the front passenger seat are described above, the same applies to the arrangement of the speaker
unit SP2 of the front passenger seat side.

[0052] As long as the arrangement shown in FIG.4 is realized, it is possible to provide a listening environment which
does not give a sense of discomfort to listeners P1 and P2. However, FIG.4 shows an example of a case where listeners
P1 and P2 do not move, and, if the positions of the heads of listeners P1 and P2 (hereinafter "positions of listeners" or
simply "listeners P1 and P2") move back and forth or right and left, there is a case where the above optimal listening
positions are shifted and listeners P1 and P2 listening to sound from the speaker system 100 feel a sense of discomfort.
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To be more specific, if the position of the listener is shifted from a null plane (a plane in which sound based on the in-
phase signal and sound based on the reverse phase signal cancel each other), sound comes from a speaker unit which
assumingly does not exist and stereo sounds of the right and left speakers (one is a virtual image) are undermined.
Further, a sense of discomfort is caused by the difference between the sound volume levels before and after movement
and between the sound volumes of the right and left speakers.

[0053] For example, in the speaker system 100 of FIG.1, if the driver or the listener sitting in the front passenger seat
moves the seat back and forth as shown in FIG.2 or changes the reclining angle, the head of the driver or the listener
in the front passenger seat moves back and forth and consequently the listening position moves back and forth. In view
of the above background, the speaker system 100 detects the current first and/or second listening positions if the location
of the listener changes and, according to the detection result, automatically adjusts the opening angles of the speakers
101 to 104, the differences of angles of elevations between the speakers 101 to 104 and the angles of elevation of the
speaker units SP1 and SP2 (hereinafter referred to as "such as directions of the speakers 101 to 104"). Details will be
described below.

[Automatic adjustment of listening positions]
[Adjustment factors]

[0054] If the position of the listener moves, the following factors need to be focused upon to adjust such as directions
of the speakers 101 to 104.

1. Upon change back and forth

- Shift in the null plane (little)
- Change in the directivity axis of the speaker (moderate)
- Change in the path length through which sound is reflected by the reflecting plane and reaches the listener (little)

2. Upon change right and left

- Shift in the null plane (significant)

- Change in the directivity axis of the speaker (little)

- Change in the path length through which sound is reflected by the reflecting plane and reaches the listener
(significant)

3. Upon change up and down
- Change in the directivity axis of a speaker

Further, the above 1. to 3. are factors taking into account one speaker (for example, the first R channel speaker 101)
that reflects sound on the reflecting plane and transmits sound to the listener. A change in the directivity axis of the
speaker, a change in the path length and a change in the difference between the right and left paths, except the shift in
a null plane, cause a change in the sound volume. Further, a change in the sound volume of the above speaker spreads
to the sound volume difference from the other speaker (for example, the third R channel speaker 103) that transmits
sound directly to the listener.

[0055] FIG.5is a schematic view illustrating the relationship between the positions of the speaker unit and the listener
if the positions of the listener changes back and forth. FIG.6 is a schematic view illustrating the relationship between the
positions of the speaker unit and the listener if the location of the listener changes right and left. The symbol "+" in the
figure represents listeners P1 and P2, and P1’ represents the position after the listener P1 moves. Further, the solid
lines connecting the speaker units and the listeners represent the paths from the speaker units to the listeners. However,
these solid lines do not represent the directivity axes of the speakers. Further, the bold broken line in the figure represents
the null plane before change and the bold chain line in the figure represents the null plane after the change.

[0056] First, the above factors if the position of the listener P1 changes back and forth (that is, "shift in a null plane,"
"change in a directivity axis of the speaker," "change in the path length through which sound is reflected on the reflecting
plane and reaches the listener") will be described.

[0057] As shown in FIG.5, the listener P1 in the driver s seat (i.e. driver) moves forward and is located at P1’. The
listener P2 in the front passenger seat does not move. In case of forward movement, the null plane (i.e. a plane in which
sound based on the in-phase signal and sound based on the reverse phase signal cancel each other), in which the right
and left path lengths from the speakers to the listener P1 are equal, moves forward. To see the movement of the null
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plane with reference to the line included in the null plane, the angle of the line included in the null plane changes (see
the bold broken lines in the figure to the bold chain line in the figure). The difference between the right and left paths
does not change. Further, given that the directivity axes of the speakers are shifted from the center of the listener P1’,
the right and left speakers are supposed to be used in an area of low speaker characteristics toward the listener. In this
way, if the listener P1 moves back and forth, it is necessary to adjust the "shift in a null plane" and the "change in the
directivity axis of the speaker."

[0058] Next, the above factors if the location of the listener P1 changes right and left will be described.

[0059] As shown in FIG.6, the listener P1 moves forward and is located at P1’. The listener P2 does not move. In
case of right and left movement, the right and left path lengths from the speakers to the listener P1 significantly change,
thereby producing the difference between the right and left paths and, furthermore, the null plane moves right and left
significantly. To see movement of the null plane with reference to a line included in the null plane, the angle of the line
included in the null plane changes significantly (see the bold broken line in the figure to the bold chain line in the figure).
Further, the directivity axes of the speakers are shifted from the center of the listener P1’. Consequently, if the listener
P1 moves to the right and left, it is necessary to adjust the "shift in the null plane”, the "change in the directivity axis of
the speaker" and the "change in the path length." The "shift in the null plane" in particular is significantly great compared
to the case of the change back and forth and therefore needs to be adjusted sufficiently.

[0060] FIGs.7A and 7B illustrate directivity axes of the speaker if the location of the listener changes up and down,
and FIG.7A shows the directivity axes in the horizontal direction and FIG.7B shows the directivity axes in the vertical
direction. In FIG.7A, the listener PO is the center location (in which speaker characteristics are optimal) of a directivity
axis 301 of the speaker, and the listeners P1 and P2 are positions shifted from the center of the directivity axis 301 due
to up and down movement of the listeners. Further, as shown in FIG.7B, even if the location of the listener moves up
and down, there is no change in the side glass 210 in the vertical direction and, consequently, only the angle of elevation
needs to be adjusted.

[0061] FIG.8is aperspective view illustrating the relationship between the positions of the speaker unit and the listener
if the location of the listener changes right and left. The symbols PO to P2 in the figure represent the positions of the
listener, and PO represents the original location of the listener, and P1 and P2 represents the positions of the listener if
the listener moves right and left. In FIG.8, if the position of the listener changes right and left (i.e. X axis direction) , the
shortest path 311 that connects the speaker and P0, P1 and P2 by reflection through the side glass (Y axis direction)
is formed on a plane 312 encircled by the broken line of FIG.8, and so the angle of elevation does not change.

[Method of Adjustment]

[0062] The shift in the null plane, the change in the directivity axis of the speaker, the change in the path length and
the change in the difference between the right and left paths, which are mentioned above, are adjusted by operations
of the speaker and speaker unit (i.e. driving system by means of driving motors). The operations of the speaker and
speaker unit include the operations for adjusting "rotation," "opening angle," "difference of angles of elevations" and
"angle of elevation." Further, a change in the sound volume and sound volume difference that cannot be adjusted by
the operations of the speaker and speaker unit, are adjusted by signal processing in the speaker (i.e. signal processing
system by means of the sound processing section 141). In other words, a change in the sound volume and the sound
volume difference that are left after adjustment by the operations of the speaker and speaker unit, are adjusted by signal
processing of the speaker.

[0063] First, adjustment of "rotation," "opening angle," "difference of angles of elevation" and "angle of elevation" will
be described.

[0064] FIGs.9A to 9D are schematic views illustrating operations of the speaker and speaker unit. The speaker unit
SP1 is employed as an example, the same applies to the speaker unit SP2.

[0065] As shown in FIG.9A, the "rotation" adjustment is directed to rotating the speaker unit SP1 entirely to the right
or to the left with respect to a point O. The direction of the null plane in which silence is generated in theory, can be
changed by a driving motor 712 (see FIG.20).

[0066] As shown in FIG.9B, in the "opening angle" adjustment, by driving the driving motor 111 to widen or narrow
the angles between the directivity axes of the first R channel speaker 101 / the second R channel speaker 102 and a
reference plane 401 while maintaining the plane symmetry with respect to the reference plane 401, it is possible to
change the path and the angle through which sound is reflected by the side glass and reaches the listener.

[0067] As shown in FIG.9C, the "difference of angles of elevations" refers to the difference between the angles (here-
inafter "angles of elevations") of an directivity axis 411 of the first R channel speaker 101 of the speaker unit SP1 and
an directivity axis 412 of the second R channel speaker 102 of the speaker unit SP1 with respect to a horizontal plane
402. The "difference of angle of elevation" is adjusted by driving the speaker by the driving motor 112 and the null plane
is inclined a predetermined angle from 90 degrees with respect to the horizontal plane 402, so that it is possible to
change the direction of the null plane. Only the above method of using the "rotation" adjustment and this method of using
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the "difference of angle of elevation" adjustment can change the direction of the null plane. With the present embodiment,
the direction of the null plane is adjusted using the "difference of angle of elevation" adjustment and is adjusted using
the "rotation" adjustment with Embodiment 2 (described later). Further, the control of the null plane by the adjustment
as to difference of angle of elevation is a little complicated and therefore description will be added using FIGs.11 to 14.
[0068] As shown in FIG.9D, in the "angle of elevation" adjustment, by widening or narrowing angle of elevations 403
of the first R channel speaker 101 and the second R channel speaker 102 with respect to the horizontal plane 402 while
maintaining the angle of elevation difference between an directivity axis 411 of the first R channel speaker 101 of the
speaker unit SP1 and an directivity axis 412 (not shown in FIG.9D) of the second R channel speaker 102 of the speaker
unit SP1, it is possible to change the path and the angle through which sound is reflected by the side glass and reaches
the listener. The speaker unit SP1 is entirely driven by the driving motor 113 as a method of changing the angle of
elevation while maintaining the above difference of angle of elevation.

[0069] FIG.10 shows a table of control content of "rotation," "opening angle" and "angle of elevation" corresponding
to a change in the location of the listener (i.e. the location of the head) employing the listener P1 in the driver’s seat (i.e.
right seat) as an example. Further, FIG.10 shows an example where the direction of the null plane is controlled using
the "rotation," and so the "difference of angle of elevation" is not shown.

[0070] In FIG.10, if, for example, the location of the listener moves "to the front" from the original location, control is
carried out such that the rotation is made to the "left," the opening angle is "widened" and the angle of elevation is
"widened." Similarly, if the location of the listener moves "to the back" from the original location, control is carried out
such that the rotation is made to the "right," the opening angle is "narrowed" and the angle of elevation is "narrowed."
Further, in case of the listener P2 in the front passenger seat (i.e. left seat), the case of the listener P1 is reversed.

[Control of the null plane by the angle of elevation difference adjustment]

[0071] Next, referring to FIG.11 to FIG.14, control of the null plane by the angle of elevation difference adjustment will
be described.

1. Regarding generation of the null plane

[0072] FIG.11 and FIG.12 illustrate the null plane formed in a certain plane at equal distances from two sound sources,
and FIG.11 is a three-dimensional view of the null plane and FIG.12 is a two-dimensional view of the null plane.
[0073] InFIG.11 and FIG.12, if sounds having opposite phases from one another are outputted from two point sound
sources 501 and 502, sound pressure is equal between places at equal distances from both the sound sources 501 and
502 and sound waves of opposite signs arrive and sound from two sound sources cancel each other in such a place
thereby generating silence. Further, a plane in which points at equal distances from both the sound sources 501 and
502 are collected becomes a vertical bisector plane of lines connecting the two sound sources 501 and 502. A plane in
which sounds from the two sound sources 501 and 502 cancel each other in this way thereby generating silence, is
defined as a null plane 500.

2. Displacement of sound source by changing the difference of angle of elevation

[0074] FIGs.13A and 13B illustrate the null plane of the speakers due to the difference of angle of elevation in a state
of no difference of angle of elevation, and FIG. 13A is a perspective view of the speakers and FIG.13B is a front view
of the speakers. FIGs.14A and 14B illustrate the null plane of the speakers due to the difference of angle of elevation
in a state where the difference of angle of elevation exists, and FIG.14A is a perspective view of the speakers and FIG.
14B is a front view of the speakers.

[0075] InFIG.13 and FIG.14, if the above speakers 511 and 512 are typical dynamic speakers, the center of a speaker
corn 521 included in the speaker 511 becomes a virtual point sound source 501. Further, the center of a speaker corn
522 included in the speaker 512 which makes a pair with the speaker 511 becomes a virtual point sound source 502.
In the speaker system 100 in FIG.1 and FIG.2, the speaker 511 and the speaker 512 correspond to the first R channel
speaker 101 and the third L channel speaker 103, and the second L channel speaker 102 and the fourth L channel
speaker 104, respectively.

[0076] Further, as shown in FIG.13, if signals having opposite phases from each other are outputted at the same time
in a state of no difference of angle of elevation, the null plane 500 is formed in the vertical bisector plane with respect
to the line connecting the point sound source 502 which is the center of the speaker corn 522 and the point sound source
501 which is the center of the speaker corn 521. If the difference of angle of elevation as shown in FIG.14 is provided
by applying the angle of elevation to the speaker 512 which is one of the speakers in the state of FIG.13, the location
of the point sound source 502 which is the center of the speaker corn 522 moves up. By this means, as shown in FIG.
14B, the vertical bisector plane of the line connecting the point sound source 502 and point sound source 501 which is
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the center of the speaker corn 521 inclines consequently, so that it is possible to incline the null plane 500. In this way,
the inclination of the null plane 500 can be changed by the difference of angle of elevation between the two speakers
511 and 512, and the first listening position and the second listening position can be placed on the null plane 500 by
changing the inclination. Further, although the null plane 500 can be changed by rotating speaker units, adjustment of
the null plane 500 by rotation is carried out not by inclining the null plane 500 but by moving the null plane 500 while
maintaining the vertical state where a speaker unit is used as the axis.

[Correction of the path length based on the phase difference]

[0077] Next, correction of the path length based on the phase difference will be described.

[0078] FIG.15 illustrates correction of the path length based on to the phase difference. The symbols P1 and P2 in
the figure represent the positions of listeners, the symbol P1’ represents the location of the listener P1 after leftward
movement, the symbols U1 and U2 represent the positions where the speaker units SP1 and SP2 are arranged. Further,
in the speaker system 100 of FIG.1, a reflecting plane 600 and a reflecting plane 620 correspond to the side glasses
210 and 220.

1. In case the listener P1 moves right and left

[0079] Although the distance I, from U1 to P1 and the distance I, from U2 to P1 are equal at the point P1, the difference
is produced between the distance |4 and the distance I, to P1’ after movement. Here, the symbol |’ refers to the distance
through which the sound outputted from the speaker unit SP1 is reflected by the reflecting plane 600 and reaches P1’
from the location U1 after movement, and the symbol I’ refers to the distance through which the sound outputted from
the speaker unit SP2 reaches P1’ from the location U2 directly. The relational equation of the difference AL between I’
and I’ is as follows.

[0080]

2

1,7 = (Ei%?KAHFA x) +—y2 .. (Egquation 6)
2

1,7 = (f_z_ét_xl_gx) +y? .. (Equation 7)

2 2
AL=1,’ - 1,'= [X1;X2+Ax} +y? - (X"';XKAxJ +y°

(Equation 8)

The sign of Ax in the above equations 6 to 8 is positive in the left direction in FIG.15.
2. Regarding derivation of the above equations 6 to 8

[0081] The positions P1 and P2 are spaced apart from the plane 610 by the distance y.

[0082] The positions P1 and P2 are located spaced apart from the reflecting plane 600 by the distance x4 and the
distance x,, respectively.

[0083] Further, the distance x; from the reflecting plane 600 of U1, which is equal to the distance I through which
sound is reflected by the reflecting plane 600 and reaches P1 from U1 and the distance I; connecting U2 and P1 directly,
is represented by the following equation 9.

[0084]
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({Equation 9)

Similarly, the distance x, from reflecting plane 620 of U2, which is equal to the distance 1, through which sound is
reflected by the reflecting plane 620 and reaches P2 from U2 and the distance I, connecting U1 and P2 directly, is
represented by the following equation 10. Further, in the following equation 10, the symbol x5 represents the distance
between P2 and the reflecting plane 620, and the symbol xg represents the distance between P1 and the reflecting
plane 620.

[0085]

x, = ——= .. (Equation 10)

To make the distances I, and I; equal, the following equation 13 needs to be satisfied. The following equations 11 and
12 for deriving the equation 13 use the above-described equations 9 and 10.
[0086]

2
from lf=‘JOQ-X3) +y? and Equation 9,

X, + X 2
1, = (_-?—-——i) +y? . (Equation 11)

2
from 1s =:'J(X6~ X4) +y? and Equation 10,

Xg + X 2
1; = (~ﬁ—§~ilj +y? .. (Equation 12)
if 1, = 13 is solved,
X, + X1 = X6 *+ X5 .. (Equation 13)

Further, given that the distance between P1 and P2 does not change, the following equation 14 holds.
[0087]

Xe — X5 = X» - X3 .. (Equation 14)
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Consequently, the following relational equations 15 and 16 are obtained from the above equations 13 and 14.
[0088]

X5 = X1 .. (Equation 15)

X¢ = X2 .. (Equation 16)

On the other hand, if, as to the point P1’ shifted by Ax from P1, the distance through which sound is reflected by the
reflecting plane 600 and reaches P1’ from U1, is the distance I," and the distance connecting U2 and P1’ directly is the
distance I3’, the following relational equations hold.

2
[0089] from 1,v = \/(X1+X3+AX) +y? and Equation 9,
X+ X 2
1,' = "2 1 Ax | +y?
2
2 .
from 1,7 = (X5~X4”“AX) +y? and Equations 10, 15 and 16,
' X2 T X4 2 2
15 = ———2———-Ax +y

Consequently, the difference AL between the distance 1;’ to P1’ that moved by the distance AX in the X direction from
P1 and the distance I3’ is represented by the following relational equation.
[0090] From AL=l4" - 13,

2 2
L AL= (x] ;xz +ij +y' — (—xz;q —Ax} +)°

that is, the Equation 8 is determined.
3. Correction of shifts in arrival times due to generation of the distance difference

[0091] If, in P1’, there is the difference between the distance I’ through which sound is reflected by the reflecting
plane 600 and reaches P1’ from U1 and the distance I3’ connecting U2 and P1’ directly, sound outputted from U1 (for
example, Rch speech) and sound outputted from U2 (forexample, Lch speech) does not arrive at the same time, which
produces a shift. The time AT [second] which shifts in this case is determined as in the following equation 17 based on
the path difference AL [m] and sound speed S [m/s]. Further, AL has a sign, and AT has a sign.

[0092]

AT=AL/S [second] .. (Equation 17)
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Consequently, to correct this shift AT, only sound outputted from the first R channel speaker 101 needs to be set by AT
[second] ahead of sound outputted from other speakers (from the second R channel speaker 102 to the fourth L channel
speaker 104) or sound outputted from other speakers (from the second R channel speaker 102 to the fourth L channel
speaker 104) needs to be set by AT [second] back of sound outputted from the first R channel speaker 101.

[0093] The factors of the adjusting methods if the location of the listener changes has been described. A case will be
described below where these methods of adjustment are applied to the actual speaker system 100 (FIG.1). With the
present embodiment, the adjustment is carried out according to the conditions shown in FIG.16 and FIG.17.

[0094] FIGs. 16A and 16B are schematic views illustrating methods of the adjustment applied to the speaker system
100 and FIG.17 shows a table of control content of the phase differences in the location of the listener (i.e. the location
of the head). The same components as in FIG. 9 are assigned the same reference numerals.

[0095] (1) With the speaker system 100 of the present embodiment, the shift in the null plane in which silence is
generated in theory is adjusted by not using the "rotation" adjustment of rotating the entire speaker unit but using the
"difference of angle of elevation" adjustment for the speaker as described in detail in FIG. 13 and FIG.14.

[0096] (2) With the speaker system 100 of the present embodiment, instead of adjusting the "opening angle" by
widening or narrowing the angle with respect to the reference plane 401 while maintaining the plane symmetry with
respect to the reference plane 401 shown in FIG.9, an "opening angle A 450" for adjusting with respect to the reference
plane 401 only the opening angle of the first R channel speaker 101 which is one of the speakers, is controlled as shown
in FIG.16A. For Lch, only the opening angle of the fourth L channel speaker 104 is adjusted in the same way.

[0097] (3) In the speaker system 100 of the present embodiment, an "angle of elevation B460" for adjusting the angle
of elevation of the overall speaker unit is controlled as shown in FIG.16B.

[0098] Consequently, the angle of elevation B460 of the overall speaker units SP1 and SP2 are controlled by the
driving motors 113 and 123. Further, the difference of angle of elevation between the first R channel speaker 101 and
the second R channel speaker 102 installed in the speaker unit SP1 and the difference of angle of elevation between
the third L channel speaker 103 and the fourth L channel speaker 104 installed in the speaker unit SP2 are controlled
by the driving motors 112 and 122, respectively.

[0099] In this way, with the present embodiment, only the opening angle A450 and the angle of elevation B460 are
adjusted. By employing the method of adjusting only the opening angle A450 and the angle of elevation B460, it is
possible to reduce complexity of the mechanism and decrease cost. Further, it is more effective to adjust the opening
angle and adjust paths through which sounds are reflected by the side glasses 210 and 220 than to adjust the null plane
in which silence is generated in theory by rotation.

[0100] With the present embodiment, the inclination of the null plane in which silence is generated by providing the
difference of angle of elevation, is controlled. Consequently, if the operation is limited as in the actual system, the null
plane in which silence is generated in theory by slightly shifting the angle of elevation B460 up or down with respect to
the listener and adjusting the differences of angles of elevations according to the table shown in FIG.17, is adjusted
such that the null plane matches the location of the listener. In this case, if the listener is positioned on the directivity
axis of the speaker unit, an attention must be paid because the null plane in which silence is generated cannot be
adjusted by providing the difference of angle of elevation. Further, as to the definitions of positive and negative of the
difference of angle of elevation in the table of FIG.17, "positive" means that the angle of elevation of the outer speaker
101 or 104 is greater than the angle of elevation of the inner speaker 102 or 103, and "negative" means that the angle
of elevation of the outer speaker 101 or 104 is smaller than the angle of elevation of the inner speaker 102 or 103.
[0101] FIG.18is aflowchart showing automatic adjustment processing in the speaker system 100. This flow is executed
repeatedly by the CPU in the controlling section 150 at a predetermined cycle. Further, although this flow employs an
example of movement in the location of the listener P1, the same adjustment processing is executed with respect to
movement in the location of the listener P2.

[0102] This program starts following the change in the location of the listener P1 (step S$1), whether or not the location
of the listener P1 moved back and forth is decided in step $11. The movement in the location of the listener P1 is decided
by acquiring head location information of the listener from the position detecting section 160 (see FIG.2). A typical
example where the listener P1 moves back and forth is a case where the listener P1 moves the seat to the front or to
the back or changes the reclining angle of the seat. Further, although it is difficult to detect right and left movement in
the location of the listener P1 (described later) only by signals from the contact switches 161 and 162 installed in the
seat, this movement can be detected by, for example, increasing contact switches in the back of the seat. Further, it is
possible to acquire head location information of the listener more accurately using a location detecting means of a
camera that takes an image of the vicinity of the listener’'s head and an image processing section, instead of detecting
positions of contact switches. Further, if the listener P1 is the driver in the driver’s seat, the right and left movement
seems little likely. Further, oblique movement involves movement in the front-back position, and is categorized as
movement of the front-back position.

[0103] If the location of the listener P1 moved back and forth in the above step $11, the null plane is adjusted in step
S$12. The controlling section 150 carries out an arithmetic operation for adjusting the null plane for placing the null plane
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above the location of the listener P1 based on the amount of movement in the front-back position of the listener P1,
converts the arithmetic operation result into control parameters and outputs the control parameters to the motor driver
section 130. The motor driver section 130 drives an applicable driving motor (herein, driving motor 112) to reach the
target value based on control commands from the controlling section 150. Although, as described above, there are two
methods of carrying out the "rotation" and changing the "difference of angle of elevation" to adjust the null plane, the
null plane is adjusted by changing the difference of angle of elevation with the present embodiment. The controlling
section 150 transmits to the motor driver section 130 the control commands for controlling opening angles, differences
of angles of elevations and angles of elevations of the speakers 101 to 104 and speaker units SP1 and SP2. By supplying
the target value showing the "difference of angle of elevation" from these control commands, the motor driver section
130 drives the driving motor 112 to a predetermined amount, provides a difference of angle of elevation between the
directivity axis of the first R channel speaker 101 and the directivity axis of the second R channel speaker 102 and
inclines the null plane (see FIG.14), so thatitis possible to place the null plane in the location to which the listener P1 moves.
[0104] Next, by changing the opening angle in the speaker unit SP1 in step $13, reflected sound is adjusted such that
quality of sound that is reflected and reaches the listener P1 improves. The decision criterion for this adjustment includes
sound pressure, distortion and frequency characteristics. The controlling section 150 stores as a table the relationship
between the location of the listener P1 and the opening angle at which the reflected sound is heard the best for the
listener P1 and changes the opening angle referring to this table. Adjusting of the opening angle according to the present
embodiment is directed to adjusting only the opening angle of the first R channel speaker 101 shown in FIG.16. The
motor driver section 130 adjusts the reflected sound by driving the driving motor 111 to a predetermined amount and
changing the opening angle of the first R channel speaker 101. By means of the above processings, as in the case of
the change to the back and forth shown in FIG.5, the null plane is adjusted and the reflected sound is adjusted.
[0105] Next, the difference between right and left sound volumes is adjusted in the location of the listener P1 in step
S$14, and the flow proceeds to step S21. Although the adjustment of the reflected sound (Rch in this description) is
finished by controlling the above opening angle, given that the reflected sound (Rch) is adjusted, it is necessary to adjust
direct sound (Lch) corresponding to the reflected sound (Rch). Then, by changing the sound volume of the third L channel
speaker 103, the right and left sound volumes are adjusted to be the same. The controlling section 150 outputs control
commands for controlling the output volumes and the phases of the output sounds of the speakers 101 to 104, to the
sound processing section 141. The controlling section 150 outputs the control commands for changing the sound volume
of the third L channel speaker 103 to the sound processing section 141 to change the sound volume of the third L channel
speaker 103 and adjust the sound volumes of the right and left speakers to be the same.

[0106] Processings in the above step S11 to step S14 are referred to as "processing A".

[0107] If the location of the listener P1 did not move back and forth in the above step 811 or after the processing of
the above step S14 is carried out, whether or not the location of the listener P1 moved right and left is decided in step
S$21. If the location of the listener P1 moved right and left, the difference between the right and left paths is corrected in
step $22. To be more specific, the difference between the right and left paths is adjusted by setting the phase of the
sound outputted from the first R channel speaker 101 composing the speaker unit SP1 ahead or back of phases of the
sounds outputted from the other speakers 102 to 104. As shown in FIG.6, if the location of the listener P1 changes right
and left, the right and left path lengths from the speakers to the listener P1 significantly change, thereby producing a
difference between the right and left paths. The difference between the right and left paths produces a difference between
the times the right and left sounds arrive and a shift in the right and left sounds. In this step $22, the difference between
the right and left paths is adjusted by changing the phases of the output sounds.

[0108] Next, the null plane is adjusted in step $23. The method of adjustment is the same as in the case of the above
step $12. However, in case of change to the right and left, as shown in FIG.6, the null plane moves significantly right
and left compared to the case of change to the back and forth, and so the null plane needs to be adjusted significantly.
[0109] Next, by changing the opening angle in the speaker unit SP1 in step $24, reflected sound is adjusted such that
quality of sound that is reflected and reaches the listener P1 improves. The method of adjustment is the same as in the
case of the above step $13.

[0110] Next, the difference between the right and left sound volumes in the location of the listener P1 is adjusted in
step $25, and the flow proceeds to step S31. The method of adjustment is the same as in the case of the above step $14.
[0111] Processings of the above step S§21 to step $25 are referred to as "processing B".

[0112] If the location of the listener P1 did not move right and left in the above step $21 or after processing of the
above step $25 is carried out, the null plane is adjusted in step $31. The method of adjustment is the same as in the
case of the above step $12. The amount of adjustment of the null plane is little in this case.

[0113] Next, by changing the opening angle in the speaker unit SP1 in step $32, reflected sound is adjusted such that
quality of sound that is reflected and reaches the listener P1 improves. The method of adjustment is the same as in the
case of the above step S13.

[0114] Next, this flow is finished by adjusting the difference between the right and left sound volumes in the location
of the listener P1 in step S33 and adjusting the difference between the right and left sound volumes in the location of
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the listener P2 in step S34. If the location of the listener P1 moves up and down, a shift is produced with respect to the
listener P1 between the directivity axes of one speaker that has been adjusted (the first R channel speaker 101) and
the other speaker (the third L channel speaker 103). In step $33, this difference between the right and left sound volumes
is adjusted such that the sound volumes of the right and left channels are the same for the listener P1, by changing the
sound volume of the inner speaker (the third L channel speaker 103) of the speaker unit SP2. Similarly, in step S34, the
difference between the right and left sound volumes is adjusted such that the sound volumes of the right and left channels
are the same for the listener P2, by changing the sound volume of the inner speaker (the second L channel speaker
103) of the speaker unit SP1.

[0115] Processings of the above step $31 to step S34 are referred to as "processing C".

[0116] The order to execute the above processings A, B and C can be switched. Further, the timing to execute this
flow is arbitrary. For example, the program may be started if the location of the listener changes more than a predetermined
distance and may be executed at all times and adjustment may be carried out in real time processing. Further, an
embodiment is possible where the flow is automatically executed if the listener is seated, sound is inputted or an audio
device is energized. It naturally follows that the flow may be executed by a command of the listener.

[0117] As described above in detail, according to the present embodiment, the speaker system 100 has: the first
speaker unit SP1 that includes the first R channel speaker 101 outputting sound to be heard in the first listening position
and the second R channel speaker 102 outputting sound to be heard in the second listening position; the second speaker
unit SP2 that includes the third L channel speaker 103 outputting sound to be heard in the first listening position and
the fourth L channel speaker 104 outputting sound to be heard in the second listening position; the driving motors 111
to 113 and 121 to 123 that drive at least the first R channel speaker 101 such that the current first listening position is
practically included in the vertical bisector plane of the line connecting the intersection of the first R channel speaker
101 and the directivity axis of the first R channel speaker 101 and the intersection of the second R channel speaker 102
and the directivity axis of the second R channel speaker 102, and that drive at least the fourth L channel speaker 104
such that the current second listening position is practically included in the vertical bisector plane of the line connecting
the intersection of the third L channel speaker 103 and the directivity axis of the third L channel speaker 103 and the
intersection of the fourth L channel speaker 104 and the directivity axis of the fourth L channel speaker 104; and the
motor driver section 130 that drives the driving motors 111 to 113 and 121 to 123. With this configuration, even if the
location of the listener moves back and forth, right and left or up and down, the speaker system 100 is able to automatically
adjust at least such as directions of the speakers 101 to 104 to be suitable for the current listening position. By this
means, it is possible to realize a speaker system that is able to provide a listening environment which does not give a
sense of discomfort to a plurality of listeners. That s, in an environment in which there are two listeners in the passenger
compartment of the vehicle, it is possible to produce excellent effects at the same time that (1) the sound image is fixed
in the front, (2) wide stereo sound can be provided and (3) sound of the R channel and sound of the L channel arrive at
the same time, for the two listeners, so that an optimal acoustic environment can be realized.

[0118] Further, with the present embodiment, the direction of the null plane in which silence is generated in theory is
adjusted using the angle of elevation difference between the first R channel speaker 101 and the second R channel
speaker 102 and the angle of elevation difference between the third L channel speaker 103 and the fourth L channel
speaker 104, so that it is possible to fixedly install the second R channel speaker 102 and the third L channel speaker
103 and produce an effect of changing the direction of the null plane at lower cost.

(Embodiment 2)

[0119] Anexample has been described with Embodiment 1 where the shift in the null plane in which silence is generated
in theory is adjusted using the "differences of angles of elevations" between speakers. With the present embodiment,
the shift in the null plane is adjusted by "rotating" the entire speaker unit. Further, more precise adjustment is possible
by adjusting the shift in the null plane by "rotating" the entire speaker unit.

[0120] FIG.19 is a schematic view showing from above a speaker system 700 according to Embodiment 2 of the
present invention and the interior of the vehicle mounting the speaker system 700, and FIG.20 is a block diagram showing
the speaker system 700 shown in FIG.19 and configurations around the speaker system 700. Upon description of the
present embodiment, the same parts as in FIG.1 and FIG.2 will be assigned the same reference numerals and repetition
of description will be omitted.

[0121] In FIG.19 and FIG.20, the speaker system 700 has: a motor driver section 730 that drives driving motors 111,
121, 714 and 724 for changing opening angles, driving motors 712 and 722 for changing rotation of the speaker units
SP and driving motors 113 and 123 for changing angles of elevations of speaker units SP; and a sound processing
section 141 that carries out signal processing of a 2-channel (i.e. L channel and R channel) signal from a sound input
section 140 to which the sound source composed of the 2-channel signal is inputted and generates the in-phase signal
(R), the reverse phase signal (R), the in-phase signal (L) and the reverse phase signal (L) as described above.

[0122] In FIG.20, for the speaker system 700, in the vehicle, a controlling section 750 that controls, for example,
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opening angles according to listening positions of a plurality of listeners and a position detecting section 160 that detects
the location of the head of the listener sitting in a seat by receiving signals from contact switches 161 and 162 which
detect the front-back position of the seat and the reclining angle, are provided.

[0123] The controlling section 750 is configured with a microprocessor, acquires head location information of the
listener from the position detecting section 160 by executing a control program which will be described later in FIG.21,
outputs to the motor driver section 730 control commands for controlling opening angles, rotations and angles of elevations
of the speakers 101 to 104 and the speaker units SP1 and SP2 according to the current first and second positions of
listeners and outputs to the sound processing section 141 control signals for controlling the output volumes and phases
of output sounds from the speakers 101 to 104. The motor driver section 730 precisely controls the amount of driving
of an applicable driving motor according to the control commands and changes the current values of the opening angles,
the rotations and the angles of elevations of the speakers 101 to 104 and the speaker units SP1 and SP2 to target
values. Further, the sound processing section 141 changes the sound volumes and the phases of the output sounds
from the speakers 101 to 104 according to the control signals from the controlling section 750. The sound volumes and
the phases are controlled by the sound processing section 141 to adjust the sound pressure level and a shift in phases
due to changes of the opening angles of the speakers 101 to 104 and the rotations and the angles of elevations of the
speaker units SP1 and SP2 by the driving motors.

[0124] FIG.21is aflowchart showing automatic adjustment processing of the speaker system 700. This flow is executed
repeatedly at a predetermined timing cycle by the CPU in the controlling section 750. The steps carrying out the same
processing as in the flow shown in FIG.18 are assigned the same reference numerals. The letter "A" is assigned to the
step numbers of different steps.

[0125] Further, although this flow employs an example of movement in the location of the listener P1, the same
adjustment processing is executed for movement in the location of the listener P2.

[0126] The program starts following a change in the location of the listener P1 (step S1), whether or not the location
of the listener P1 moved back and forth is decided in step $11. The movement in the location of the listener P1 is decided
by acquiring head location information of the listener from the position detecting section 160 (see FIG.20). If the location
of the listener P1 moves back and forth, the null plane is adjusted in step S12A. The controlling section 750 carries out
an arithmetic operation for adjusting the null plane to place a null plane on the first listening position based on the amount
of movement in the front-back position of the listener P1, converts the arithmetic operation result into control parameters
and outputs the control parameters to the motor driver section 730. The motor driver section 730 drives an applicable
driving motor (driving motor 712 in this description) to reach this target value based on the control commands from the
controlling section 750. The null plane is adjusted by the "rotation" of the speaker unit SP2. Adjusting the null plane by
the rotation is superior to the "differences of angles of elevations" adjustment for inclining the null plane using the line
included in the null plane as a reference, in securing the required accuracy. Further, changing the rotation of the speaker
unit SP2 provides an effect of more precisely adjusting the difference between the right and left sound volumes.
[0127] Next, by changing the opening angle in the speaker unit SP1 in step S13A, reflected sound is adjusted such
that quality of sound that is reflected and reaches the listener P1 improves. The decision criterion for this adjustment
includes sound pressure, distortion and frequency characteristics. The controlling section 750 stores as a table the
relationship between the location of the listener P1 and the opening angle, at which reflected sound is heard the best
for the listener P1, in the internal memory in advance and changes the opening angle referring to this table. Adjusting
of the opening angles with the present embodiment is directed to adjusting opening angles of the first R channel speaker
101 and the second R channel speaker 102 shown in FIG.16. The motor driver section 730 adjusts the reflected sound
by the driving the driving motor 111 to a predetermined amount and changing the opening angles of the first R channel
speaker 101 and the second R channel speaker 102.

[0128] Next, the flow proceeds to step $21 by adjusting the difference between the right and left sound volumes in
the location of the listener P1 in step $14 and adjusting the difference between the right and left sound volumes in the
location of the listener P2 in step S15. Although the reflected sound (Rch in this description) is adjusted by controlling
the opening angle, the reflected sound (Rch) is adjusted, and so it is necessary to adjust direct sound (Lch) corresponding
to the reflected sound (Rch). By changing the opening angle of the speaker unit SP2 and the sound volume of the third
L channel speaker 103, the sound volumes of the right and left channels are adjusted to be the same for the listener
P1. The sound volumes of the second R channel speaker 102 and/or the fourth L channel speaker 104 are adjusted
such that the sound volumes of the right and left channels become the same for the listener P2. The controlling section
750 outputs to the sound processing section 141 control commands for controlling the output sound volumes and the
phases of the output sounds of the speakers 101 to 104. The controlling section 750 adjusts the right and left sound
volumes to be the same by outputting to the sound processing section 141 control commands for changing the sound
volume of the third L channel speaker 103 and changing the sound volume of the third L channel speaker 103. With
Embodiment 1, the "rotation" of the speaker unit is not used. Therefore, for the listener P2, after the difference between
the right and left sound volumes in the location of the listener 1 is adjusted, adjustment could be carried out only in
accordance with the adjustment of the sound volumes of the speaker unit SP1 and the third L channel speaker 103.
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However, with the present embodiment, improvement of a sound effect is further realized by applying the "rotation" used
to adjust the null plane to adjust the directivity axis (the sound level and the speaker characteristics corresponding to
the directivity axis) of the speaker unit SP2.

[0129] Processings of the above step $11 to step S$15 are referred to as "processing A".

[0130] If the location of the listener P1 did not move back and forth in the above step S11 or after processing of the
above step S15 is carried out, whether or not the location of the listener P1 moved right and left is decided. If the location
of the listener P1 moved to the right and left, the difference between the right and left paths is corrected in step S22. To
be more specific, the difference between the right and left paths is adjusted by setting the phase of output sound from
the first R channel speaker 101 of the speaker unit SP1 ahead or back of the phases of output sounds of the other
speakers 102 to 104.

[0131] Next, the null plane is adjusted in step S23A. The method of adjustment uses the "rotation" as in the case of
the above step S12A. In case of change to the right and left, given that the null plane significantly moves right and left
compared to the case of change to the back and forth, the null plane is adjusted more easily by using the "rotation."
[0132] Next, by changing the opening angle in the speaker unit SP1 in step $24, reflected sound is adjusted such that
quality of sound that is reflected and reaches the listener P1 improves. The method of adjustment is the same as in the
case of the above step S13A.

[0133] Next, the difference between the right and left sound volumes in the location of the listener P1 is adjusted in
step S25, the difference between the right and left sound volumes in the location of the listener P2 is adjusted in step
S$26 and the flow proceeds to step S31A. The method of adjustment is the same as in the cases of the above step S14
and step S$15. In case of change to the right and left, similar to the case of change to the back and forth, the sound effect
is further improved by using the rotation adjustment to adjust the directivity axis (the sound level and the speaker
characteristics corresponding to the directivity axis) of the speaker unit SP2 in step S$26.

[0134] Processings of the above step $21 to step S$26 are referred to as "processing B".

[0135] If the location of the listener P1 did not move right and left in the above step $21 or after processing of the
above step $26 is carried out, the null plane is adjusted in step S31A. The method of adjustment uses the "rotation" as
in the case of the above step S12A.

[0136] Next, by changing the opening angle in the speaker unit SP1 in step §$32, reflected sound is adjusted such that
quality of sound that is reflected and reaches the listener P1 improves. The method of adjustment is the same as in the
case of the above step $13.

[0137] Next, the same processings as in steps $25 and $26 are carried out in steps S33 and $34, and this flow is
finished.

[0138] Processings of the above step 831 to step $34 are referred to as "processing C".

[0139] The order to execute the above processings A, B and C can be switched. Further, similar to Embodiment 1,
the timing to execute this flow is arbitrary, and, for example, the program may be started if the location of the listener
changes more than a predetermined distance and may be executed at all time and adjustment may be carried out in
real time processing.

[0140] In this way, according to the present embodiment, the speaker system 700 has a driving motor 712 for rotating
the first speaker unit SP1 and a driving motor 722 for rotating the second speaker unit SP2, so that, similar to Embodiment
1, even if the first and the second listening positions move back and forth, right and left or up and down, it is possible to
automatically adjust the directions and outputs sounds of the speakers 101 to 104 and realize a speaker system that is
able to provide to a plurality of listeners at the same time a listening environment which does not give a sense of discomfort.
[0141] Further, with the present embodiment, if the direction of the null plane in which silence is generated in theory
is changed, the speakers 101 to 104 are driven, so that it is possible to more precisely adjust the null plane and the
direction axes of the speakers 101 to 104 and produce an more excellent sound effect.

[0142] Further, in the above description, the first and the second listening positions are determined in advance and
are located near the heads of the listeners sitting in the driver’s seat and the front passenger seat. More preferably, in
case where the vehicle is a car with a right-hand steering wheel, the first listening position is set near the left ear of the
listener sitting in the driver’'s seat and the second listening position is set near the right ear of the listener sitting in the
front passenger seat. In case where the vehicle is a car with a left-hand steering wheel, the first listening position is set
near the right ear of the listener sitting in the driver’s seat and the second listening position is set near the left ear of the
listener sitting in the front passenger seat.

[0143] The above description is an illustration of a preferred embodiment of the present invention and the scope of
the present invention is not limited to this.

[0144] Further, although examples have been described with the above embodiments where the present invention is
applied to a speaker system arranged on the dashboard in a vehicle, the speaker system may be mounted in other
positions in the vehicle. Furthermore, the present invention is applicable to the speaker system installed in, for example,
a narrow room other than in the passenger compartment.

[0145] Further, although the term "speaker system" is used with the above embodiments for ease of description, other
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terms are certainly possible, including, for example, "audio system, speaker apparatus mount-
ed in the vehicle" and "audio devices mounted in the vehicle."

[0146] Furthermore, each circuit section forming the above speaker system, for example, the type, number and con-
necting method of signal processing sections and position detecting sections are not limited to the above described
embodiment.

[0147] The disclosure of Japanese Patent Application No.2006-194812, filed on July 14, 2006, including the specifi-

cation, drawings and abstract, is incorporated herein by reference in its entirety.

audio playback system,

Industrial Applicability

[0148] The speaker system according to the present invention is useful as a speaker system installed in the passenger
compartment of the vehicle. The present invention is also applicable for use in, for example, products having a plurality
of speaker units. Further, the present invention is preferable for the speaker system installed in a narrow space other
than in the passenger compartment.

Claims
1. A speaker system comprising:

a first speaker unit including a first speaker outputting a sound to be heard in a first listening position and a
second speaker outputting a sound to be heard in a second listening position;

a second speaker unit including a third speaker outputting a sound to be heard in the first listening position and
a fourth speaker outputting a sound to be heard in the second listening position; and

a driving section configured to drive at least the first speaker such that the current first listening position is
substantially included in a vertical bisector plane of a line connecting an intersection of the first speaker and an
directivity axis of the first speaker and an intersection of the second speaker and an directivity axis of the second
speaker, and to drive at least the fourth speaker such that the current second listening position is substantially
included in a perpendicular bisector plane of a line connecting an intersection of the third speaker and an
directivity axis of the third speaker and an intersection of the fourth speaker and an directivity axis of the fourth
speaker.

2. The speaker system according to claim 1, wherein:

one of the first and the second speakers receives as input an in-phase signal of a sound source and the other
speaker receives as input a reverse phase signal of the in-phase signal; and

one of the third and the fourth speakers receives as input an in-phase signal of a same sound source and the
other speaker receives as input a reverse phase signal of the in-phase signal.

3. The speaker system according to claim 1, wherein:

the directivity axis of the first speaker is directed toward a first reflecting plane;

the directivity axis of the second speaker is directed toward the second listening position;
the directivity axis of the third speaker is directed toward the first listening position; and
the directivity axis of the fourth speaker is directed toward a second reflecting plane.

4. The speaker system according to claim 3, wherein:
a path length through which the sound outputted from the first speaker is reflected by the first reflecting plane
and reaches the first listening position, and a path length through which the sound to be outputted from the third
speaker reaches the first listening position, are substantially equal; and
a path length through which the sound to be outputted from the second speaker reaches the second listening
position, and a path length through which the sound to be outputted from the fourth speaker is reflected by the
second reflecting plane and reaches the second listening position, are substantially equal.

5. The speaker system according to claim 1, wherein:

the second and the third speakers are fixedly installed; and
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the driving section drives the first speaker and the fourth speaker.
The speaker system according to claim 5, wherein the driving section changes a difference of angle of elevation of
the first speaker with respect to the second speaker by driving the first speaker at least in a perpendicular direction
or changes a difference of angle of elevation of the fourth speaker with respect to the third speaker by driving the
fourth speaker at least in a perpendicular direction.

The speaker system according to claim 1, wherein the driving section drives the first to the fourth speakers.

The speaker system according to claim 7, wherein the driving section rotates the first speaker unit or the second
speaker unit.
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The international search has been conducted on the assumption that
the invention in claims 1, 2 is the first mentioned invention (main
invention). As a result, the technical feature of claim 1 obviously
does not involve any inventive step because of above documents 1, 2.

A first loudspeaker unit of claim 1 including a first loudspeaker
for outputting sound listened in a first listening position and a second
loudspeaker for outputting sound listened in a second listening posgition
ig disclosed as a first dipole sound source 11 of document 1 attached
on the dash board 3 and to the extension of the generally central line
of the front seat 5 and composed of a horn loudspeaker lla serving as
a first sound source and a horn loudspeaker 11b serving as a second
sound source arranged back to back wherein the axis P1 of the directivity
of the horn loudspeaker 1lla is directed obliquely backward toward the
outside of the vehicle, the sound radiated from the horn loudspeaker
lla is reflected from the side window 7a of the driver’s seat 5 and
arrives at the listening point S1 of the driver’s seat 5 which is a
listening position from right-hand side, and the direct sound hardly
arrives at the listening point S1, and wherein the axis P2 of the
directivity of the horn loudspeaker 11b is linear, directed reversely
totheaxis Pl of thedirectivity andobliquely forward inside the vehicle
(leftward in Fig. 1), the sound radiated from the horn loudspeaker 11b,
reflected from the front window 4 and arrives at the listening point
S2 from the right-hand side. A second loudspeaker unit of claim 1
including a third loudspeaker for outputting sound listened in a first
listeningpositionanda fourth loudspeaker foroutputting soundlistened
in the second listening position is disclosed as a gsecond dipole sound
source 12 having the same shape and function as the first dipole gound
source 11 of document 1, attached on the dash board 3 and to an extension
of the generally central line of the front seat 6, and composed of a
horn loudspeaker 12a servingasathird sound source andahorn loudspeaker
12b serving as a fourth sound source both similar to the horn loudspeakers
lla, 11b, wherein the axis P3 of the directivity of the horn loudspeaker
12a is directed obliquely backward toward the outside opposite to that
of the horn loudspeaker 1la, the sound radiated from the horn speaker
12a ig reflected from the gide window 8a of the front seat 6 and arrives
at a listening point S2 of the front seat 6 which is a listening position
fromthe left-hand side, the direct sound hardly arrives at the listening
point S2, the axis P4 of the directivity of the horn loudspeaker 12b
is linear, directed reversely to that of the axis P3 of the directivity,
the sound radiated from the horn loudspeaker 12b ig reflected from the
front window 4 and arrives at the listening point S1 of the driver’sg
seat 5 from the left-hand side.

Though, in the document 1, the technique that the drive sectiondrives
at least first and fourth loudspeakers as stated in claim 1 is not
disclosed, a technique that a motor drive section drives motors
incorporatedinthe left andright loudspeakerstoorient the loudspeakers
in the mogt suitable direction toward the occupants in the driver’sg
seat and the front seat according to the positions of the occupants
detected by sensors is disclosed in document 2. Since the in-vehicle
acoustic device disclosed in document 1 and the vehicle-mounted
loudspeaker device disclosed in document 2 are both mounted in vehicles
and belong to the technical field closely related to each other, addition
of the motor of document 2 to the horn loudspeaker of document 1 is
easily conceived by a person skilled in the art.

Therefore, the technical feature of claim 1 cannot be “a gpecial
technical feature” (Continued to the next extra sheet.)

Form PCT/ISA/210 (extra sheet) (April 2005)
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within the meaning of PCT Rule 13.2, second sentence.

As long as claim 2 is compared with the above prior art, “the special
technical feature” of themain invention is that “a positive phase signal
of the sound source is inputted into one of the first and second
loudspeakers, an opposite phase signal of the positive phase signal
is inputted into the other loudspeaker, the positive phase signal of
the same sound source ig inputted into one of the third and fourth
loudspeakers, and an opposite phase signal of the positive phase signal
is inputted into the other loudspeaker.

As long as the claims 3, 4 (the second invention) are compared with
the above prior art, the “(temporary) special technical feature” of
thesecondinventionisthat “thedirectivityaxisofthefirst loudspeaker
is directed to the first reflective surface, the directivity axis of
the second loudspeaker is directed to the second listening position,
the directivity axis of the third loudspeaker is directed to the first
listening position, and the directivity axis of the fourth loudspeaker
is directed to the second reflective surface.”

As long as the claims 5-8 (the third invention) are compared with
the above prior art, the “(temporary) special technical feature” of
the third invention is that “the drive section drives at least the first
and fourth loudspeakers”.

No technical relationship among these inventions involving one or
more of the same or corresponding special technical features can be
seen.

<Concerning the search objects>

The passages in claim 1 that “the perpendicularly bisecting plane
of a line joining the intersecting point of the first loudspeaker and
itsdirectivityaxisandthe intersectingpoint of the second loudspeaker
and its directivity axis” and that “the perpendicularly bisecting plane
of the line joining the intersecting point of a third loudspeaker and
its directivity axis and the intersecting point of a fourth loudspeaker
and its directivity axis” are not clear nor concise and do not satisfy
the requirement prescribed in PCT Article 6. In considering that the
first and fourth loudspeakers are driven by the drive section and the
position itself of the listener is moved as disclosed in [0054], the
passage doesnot corregpond tothematterdisclosedin [0032] . Therefore
thedescriptiondoesnot satisfytherequirement prescribed in PCTArticle
5.

The international search has been conducted on the assumption that
in congideration of the passages from [0032] to [0040], the passage
in c¢laim 1 that “the current firsgst listening position is substantially
included in the perpendicularly bisecting plane of a line joining the
intersecting point of the first loudspeaker and its directivity axis
and the intersecting point of the second loudspeaker and its directivity
axis” includes the contrivance in [0032] that the first R-channel
loudspeaker 101 and the second R-channel loudspeaker 102 are disposed
generally in front of the driver, and the passage in claim 1 that “the
current second listening point is substantially included in the
perpendicularly bisecting plane of the line joining the intersecting
point of athird loudspeakeranditsdirectivityaxisandthe intersecting
point of a fourth loudspeaker and its directivity axis” includes the
contrivance in [0032] that the third L-channel loudspeaker 103 and the
fourth L-channel loudspeaker 104 are disposed generally in front of
the listener in the front seat.”

Form PCT/ISA/210 (extra sheet) (April 2005)
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